Introduction {#j_jomb-2018-0026_s_001}
============

Patients with end-stage renal disease (ESRD) are at high risk of cardiovascular (CV) morbidity and mortality ([@j_jomb-2018-0026_ref_001]). Besides traditional risk factors (hypertension, diabetes mellitus, obesity, dyslipidemia, smoking, physical inactivity), CKD-related risk factors were found to amplify the mechanisms of CV disease development. The CV burden in ESRD patients includes accelerated atherosclerosis and arteriosclerosis with stiff and noncompliant arteries, and a high prevalence of cardiomyopathy characterized by left ventricular hypertrophy (LVH) and ventricular stiffness ([@j_jomb-2018-0026_ref_001]). Vascular calcifications (VC) have been also recognized as an important risk factor for cardiovascular disease in hemodialysis (HD) patients ([@j_jomb-2018-0026_ref_002]), representing a significant predictor of both all-cause and cardiovascular mortality ([@j_jomb-2018-0026_ref_003]). The hemodynamic consequences of VC include loss of arterial elasticity, development of LVH, decrease in coronary artery perfusion and myocardial ischemia ([@j_jomb-2018-0026_ref_004], [@j_jomb-2018-0026_ref_005]).

The pathogenesis of VC has been the subject of many studies in which an association with mineral metabolism disorders and renal bone disease was found ([@j_jomb-2018-0026_ref_006]). The process presents as a series of complex biochemical and cellular events in which a number of regulatory proteins that promote or inhibit the deposition of minerals in the blood vessels participate actively ([@j_jomb-2018-0026_ref_003], [@j_jomb-2018-0026_ref_006], [@j_jomb-2018-0026_ref_007]). Thus, systemic or local inhibitory factors of VC, such as matrix Gla protein, fetuin-A, osteopontin, osteoprotegerin and pyrophosphate, are most likely overwhelmed in CKD patients by promoters (calcium and phosphate abnormalities, extreme serum PTH levels, excess administration of calcium salts, inflammation, malnutrition and oxidative stress) that induce vascular smooth muscle cell damage and death. This leads to an undesirable imbalance favoring excessive calcification ([@j_jomb-2018-0026_ref_007]). Several factors and mechanisms underlying the development of VC in patients with CKD have been put forward. Besides increased serum levels of calcium and phosphate as the main promoters of calcification, many other factors such as lipids, glucose intolerance/diabetes, uremic toxins, C-reactive protein (CRP) may be involved and have been investigated ([@j_jomb-2018-0026_ref_007], [@j_jomb-2018-0026_ref_008]).

Moreover, fibroblast growth factor 23 (FGF23) and its co-receptor, Klotho have emerged as key regulators of mineral homeostasis. A bone derived hormone ([@j_jomb-2018-0026_ref_009]), FGF23 regulates phosphate reabsorption in renal proximal tubules, inhibits production and increases metabolism of 1,25-dihydroxyvitamin D (1,25(OH)2D), and is associated with regulation of parathyroid hormone (PTH) by Klotho dependent and independent pathways ([@j_jomb-2018-0026_ref_009]). Besides influences on phosphate flux ([@j_jomb-2018-0026_ref_010]) Klotho also exhibits several other protective effects against cell senescence, apoptosis and VC ([@j_jomb-2018-0026_ref_011]).

Serum FGF23 levels rise early and exponentially in CKD prior to any detectable increase in serum phosphate and PTH level ([@j_jomb-2018-0026_ref_012]). Contrary to this, poor renal function negatively affects Klotho levels with detectable reduction starting from CKD stage 2. An increase in FGF23 with Klotho deficiency has been reported to promote VC and arterial stiffness in experimental studies ([@j_jomb-2018-0026_ref_013]). However, data observed for humans have not uniformly demonstrated these correlations.

The aim of the present study was to investigate the association of VC and vascular wall function with left ventricular mass and structure and to analyze their relationship with promoters of VC (FGF23, Klotho, PTH, vitamin D) in prevalent hemodialysis patients.

Materials and Methods {#j_jomb-2018-0026_s_002}
=====================

The study involved 56 patients with ESRD on HD selected from the pool of patients treated with chronic hemodialysis in the Department of Nephrology, Clinical Center of Serbia. Patients were enrolled if they ([@j_jomb-2018-0026_ref_001]) had been on HD for at least 6 months; ([@j_jomb-2018-0026_ref_002]) agreed to participate in the study, which was approved by the institutional review board; ([@j_jomb-2018-0026_ref_003]) did not have acute CV complications during the 6 months preceding entry into the study; ([@j_jomb-2018-0026_ref_004]) had no hemodynamically significant lower extremity artery occlusive disease; and ([@j_jomb-2018-0026_ref_005]) did not present with atrial fibrillation at the time of pulse wave velocity (PWV) measurement. The patients were monitored for up to 28 months. The Ethics Committee of the Clinical Center of Serbia, evaluated and approved this study (decision No 1690/21, June 9, 2015), and all patients provided written informed consent.

Standard bicarbonate hemodialysis sessions lasted for 12 hours weekly. Dialysate calcium (dCa) concentration was individualized to meet the specific requirements of patients by optimizing management of serum Ca, phosphate, PTH and alkaline phosphatase. The dialysate calcium concentration was chosen as follows: dCa of 1.5 mmol/L was commonly used; dCa at 1.25 mmol/L permitted the administration of vitamin D supplements and Ca-based phosphate binders in the setting of biochemically suspected adynamic bone disease; dCa was raised to 1.75 mmol/L to suppress hyperparathyroidism, having in mind its side effects. Management of renal osteodystrophy also depended on drug availability. Before beginning this cross sectional study the patients had used paricalcitol for 12 to 22 months, except for two subjects who had received the drug for 4 months and 80 months, respectively. In addition, some patients had taken sevelamer for no longer than 12 months. Cinacalcet was given for up to 6 months to only a few patients. Sevelamer and cinacalcet were not used at the start of the study and in the subsequent period.

Biochemical analyses {#j_jomb-2018-0026_s_002_s_001}
--------------------

The following laboratory data were recorded: serum levels of urea, creatinine, uric acid, total protein, CRP lipid profile, phosphate, calcium, alkaline phosphatase, iPTH, as well as hematological analyses, iron status, mean standard weekly Kt/V and urea reduction ratio (URR). We also determined 1,25-vitamin D3, FGF 23 and soluble Klotho.

The routine biochemical parameters were measured by standard laboratory techniques. An immunoradiometric assay was used to measure iPTH (ELSAPTH, CIS bio International) and normal values are 11 to 62 pg/mL. Serum levels of FGF23 were assayed with a commercially available kit (Cusabio, USA) using ETI-max 3000 (Dia-Sorin). According to the manufacturer's package insert, the measurement range is 3.12--200 pg/mL with a lower limit of detection of 0.78 pg/mL. Intra-assay precision was \<8%, and inter-assay precision \<10%. Serum levels of soluble Klotho were assayed with a commercially available kit (Cusabio, USA) using ETI-max 3000 (Dia-Sorin). According to the manufacturer's package insert, the measurement range is 0.156 ng/mL-10 ng/mL with a lower limit of detection of 0.039 ng/mL. Intra-assay precision was \<8% and inter-assay precision \<10%. Serum 1,25(OH)2D was determined with a commercial chemiluminescent immunoassay (DiaSorin S.p.A., Italy) using the LIAISON® Analyzer (Diasorin S.p.A., Italy ). The measuring range was 7.6--147.8 ng/mL, the limit of quantification was 3.5 ng/mL and intra- and inter-assay coefficients of variation were between 2.5% and 6.5%.

Vascular calcifications {#j_jomb-2018-0026_s_002_s_002}
-----------------------

Vascular calcification in the iliac, femoral, radial and digital arteries in plain radiographic films of pelvis and hands were evaluated by one person. A simple VC score was calculated as described by Adragao et al. ([@j_jomb-2018-0026_ref_014]). In brief, the pelvis radiographic films were divided into four sections by two imaginary lines: a horizontal line over the upper limit of both femoral heads and a median vertical line over the vertebral column. Films of the hands were divided by a horizontal line over the upper limit of the metacarpal bones for each hand. The presence of linear calcifications in each section was counted as 1 and absence as 0. The final score was the sum of all the sections, ranging from 0 to 8, whereby 0 = no calcification, 1-3 = mild calcification, \> 4 = severe calcification.

Cardiovascular evaluation {#j_jomb-2018-0026_s_002_s_003}
-------------------------

Cardiac structure was assessed by echocardio-graphic examination using VIVID 7 (General Electric Medical Systems, Horten, Norway) by one experienced cardiologist blinded to the clinical data of the study patients. Two-dimensional and two-dimensionally guided M-mode images were recorded from the standardized views according to the American Society of Echocardiography recommendations ([@j_jomb-2018-0026_ref_015]). Interventricular septal wall thickness in diastole, left ventricular internal diameter in diastole, and left ventricular posterior wall thickness in diastole were measured in the left parasternal long-axis view. Left ventricular mass (LVM), index of LVM (iLVM) and relative wall thickness (RWT) were calculated on-line and categorized according to the recommendations ([@j_jomb-2018-0026_ref_016]). The following categories of iLVM were recorded: iLVM inside the reference range, and mildly, moderately and severely abnormal indices. RWT allows further classification of LVM increase as either concentric hypertrophy (RWT \> 0.42) or eccentric hypertrophy (RWT ≤ 0.42).

Pulse wave velocity (PWV) was assessed using the Complior SP system (Artech Medical, Pantin, France) utilizing two sensors (1 carotid and 1 femoral) simultaneously to determine the velocity of the pulse wave in relation to the distance between the femoral artery and the suprasternal notch ([@j_jomb-2018-0026_ref_017]). A directly measured PWV \>12 m/s cutoff was used according to previously published reference values ([@j_jomb-2018-0026_ref_018]), together with the corresponding association with adverse CV events as determined.

Ankle brachial index (ABI) values were determined 10--30 min before HD with an ABI-form device that automatically and simultaneously measured blood pressure in both arms and ankles using a Doppler device ([@j_jomb-2018-0026_ref_019]). Briefly, occlusion and monitoring cuffs were placed tightly around the upper arm without blood access and on both lower extremities with the patient in a supine position. The ABI was calculated from the ratio of the ankle systolic blood pressure divided by the arm systolic blood pressure. ABI measurements were done twice for each patient. Low ABI (\<0.9) identifies obstructive artery disease, while high ABI (\>1.3) is caused by stiff non-compressible distal arteries, probably connected with distal artery calcification ([@j_jomb-2018-0026_ref_020]).

Additional variables of interest from patients' files were: systolic and diastolic blood pressures recorded during dialysis, demographic data (age, gender), co-morbidities (diabetes, hypertension, cardiac diseases: ischemic heart disease, heart failure, cerebrovascular accident, and other chronic diseases), and underlying kidney disease, dialysis duration, previous parathyroidectomy, treatment used (antihypertensives, phosphate binders, vitamin D, erythropoietin stimulating agents-ESA).

Statistical analysis {#j_jomb-2018-0026_s_002_s_004}
--------------------

Descriptive data are presented as the mean (SD) for normally distributed variables and as median (IQR) for non-normally distributed variables. Categorical variables are expressed as absolute numbers with percentages. Univariable regression analysis was used to evaluate the relation of various demographic, clinical and biochemical variables with vascular wall characteristics, and indices of myocardial remodeling. Pearson's correlation and linear logistic regression models were used to assess association between PWV, ABI, iLVH and RWT and other parameters. Binary logistic regression analysis for VS (VS score 0 = 0 and score 1-8 = 1) was used to predict the odds ratio (OR) of being a case based on the values of the independent predictors. Since the number of variables showing events was small, and there was significant correlation between some independent variables, several models were used in logistic regression analyses. The models were assembled so that the number of combining independent variables was in line with the number of events and the variables between which there was significant correlation were not combined. All statistical analyses were performed using SPSS version 21 (SPSS, Inc, Chicago, IL, USA). A p-value ≤ 0.05 was considered statistically significant.

Results {#j_jomb-2018-0026_s_003}
=======

The study included 56 prevalent hemodialysis patients (29 men) of mean age 54 ± 13 years (range 29 -- 79 years). The mean duration of HD was 82 months (M, IQ 31--170.5). Causes of CKD were diabetes mellitus (6 patients or 10.7%), hypertension (11 patients or 19.6%), glomerular disease (7 patients or 12.5%), cystic kidney disease (7 patients or 12.5%), renal calculosis (12 patients or 21.4%), Balkan endemic nephropathy (2 patients or 3.6%) and other diseases (11 patients or 19.6%). Subtotal parathyroidectomy was performed in 11 patients before enrolment, and all patients had received surgery 5 to 18 years previously except for one who had had an operation a year before the study started.

Baseline biochemical parameters and treatment at enrolment are shown in *[Table I](#j_jomb-2018-0026_tab_001){ref-type="table"}*. Hypocalcemia was present in 35.7% patients and hyperphosphatemia in 58.9%, among whom 16 individuals had serum phosphate levels above 2.0 mmol/L. The median iPTH was 115.5 pg/mL, with an IQ range between 38 and 341.8 pg/mL. Analysis of individual values showed that more than half of the patients (33/59%) had iPTH lower than 150 pg/mL and among them three patients had previously undergone partial parathyroidectomy. The median alkaline phosphatase value was inside the reference range but seven patients had higher and two patients lower levels than the reference values. Low concentrations of circulating 1,25D were found in 25 patients. Median FGF23 concentration was above the upper reference value, i.e. 812 pg/mL (IQR 333--1500). Moreover, median circulating Klotho was 0.039 ng/mL (IQR 0.028 -- 0.066) which is below the reference value. Most subjects were treated with oral phosphate binders. Thus, 75% of the patients received calcium-containing phosphate binders and 5.3% of them were given the noncalcium-containing phosphate binder, lanthanum carbonate. Vitamin D (calcitriol, 7 patients) or vitamin D analogues (paricalcitol, 11 patients; alphacalcidol, 5 patients), alone (6 patients) or in combination with phosphate binders (17 patients) were given to 41% of the participants depending on the laboratory results for minerals.

###### 

Baseline biochemical parameters at the enrolment of the study.

                                                                x±SD Median (25 -- 75 IQ)   Reference values
  ------------------------------------------------------------- --------------------------- -------------------
  Calcium, number (%):                                          2.2 (2.07 -- 2.3)           2.15--2.65 mmol/L
  \< 2.15, mmol/L                                               20 (35.7%)                  
  \>2.65, mmol/L                                                2 (3.5%)                    
                                                                                            
  Phosphate, number (%):                                        1.7±0.4                     0.8--1.55 mmol/L
  \>1.55 ( \>2.0), mmol/L                                       33--58.9% (16 = 28.5%)      
                                                                                            
  Alkaline phosphatase, U/L                                     70 (52 -- 96.2)             40--120 U/L
                                                                                            
  iPTH, pg/mL                                                   115.5 (38 -- 341.8)         
  number (%):                                                   33 (58.9%)                  
  \<150                                                         9 (16.0%)                   
  \>600                                                                                     
                                                                                            
  1,25 dihydroxyvitamin D, ng/mL                                36.7±19.1                   7.6--147.8 ng/mL
  number (%):                                                                               
  \<20                                                          10 (17.8%)                  
  20--30                                                        15 (26.7%)                  
  \>30                                                          31 (55.3%)                  
                                                                                            
  FGF 23, pg/mL                                                 812 (333--1500)             3.12--200 pg/mL
  number (%):                                                                               
  \< 200                                                        7                           
  \>200                                                         49 (87.5%)                  
  \>1000[^\*^](#j_jomb-2018-0026_fn_001){ref-type="table-fn"}   25 (44.6%)                  
                                                                                            
  Klotho, ng/mL                                                 0.039 (0.028--0.066)        0.156--10 ng/mL
  number (%):                                                                               
  25% Percentiles                                               19 (33.9%)                  
  M                                                             21(37.5%)                   
  75% Percentiles                                               16 (28.6%)                  
                                                                                            
  Treatment: yes                                                                            
  Vitamin D                                                     23 (41%)                    
  Phosphate binders                                                                         
  Calcium based                                                 42 (75%)                    
  Non calcium based                                             3 (5.3%)                    
  ESA                                                           33 (58.9%)                  
  Anti hypertensive drugs                                       33 (58.9%)                  

ESA= erythropoietin stimulating agents

out of patients with FGF23 \> 200 pg/mL

Data on arterial and myocardial parameters for our patients are presented in *[Table II](#j_jomb-2018-0026_tab_002){ref-type="table"}*. Vascular calcifications were not found in 38.6% of prevalent patients treated with hemodialysis, while an Adragao score above 4 was present in 38.6% of them (three individuals had the highest Adragao score, i.e. 8). The number of patients with VC score 8 increased with longer hemodialysis duration (*[Figure 1](#j_jomb-2018-0026_fig_001){ref-type="fig"}*). Significantly fewer patients dialyzed for more than 120 months had VC 0, compared with those receiving dialysis for less than 12 months (p = 0.0029) and *vice versa*. Namely, relatively more patients dialyzed for more than 120 months had VC score 8 in comparison to the number dialyzed for less than 120 months (p = 0.0052) or to patients dialyzed for 12--60 months (p = 0.046). The median PWV was 8.6 m/s, while 8.9% of our patients had a PWV \>12 m/s. The mean ABI was within the reference range, but every fifth patient showed some abnormality, i.e. higher than 1.3 or lower than 0.9. Half of the studied patients had iLVM inside the reference range, but a severely abnormal iLVM was revealed in 18% of them. However, many (73%) of our patients manifested different abnormal categories of LV remodeling, and among them 35.8% had eccentric hypertrophy. In addition, patients with more widespread VC had the highest LV remodeling categories, and the differences are statistically significant (*[Figure 2](#j_jomb-2018-0026_fig_002){ref-type="fig"}*). In other words, in comparison to patients with VC 0, patients with a VC score \>4 had both concentric and eccentric LVH more frequently (p = 0.035). The same was true for patients with VC score 1-3 (p = 0.0085). In addition, patients with VC score above 4 exhibited more eccentric hypertrophy in comparison to patients with score 0 (p = 0.041) or score 1-3 (p = 0.0183).

###### 

Arterial and hemodynamic parameters in studied hemodialysis patients.

                                 x±SD or median (25 -- 75 IQ)
  ------------------------------ ------------------------------
  Adragao score, number (%) 0    22(38.6%)
  1-3                            12 (22.7%)
  \> 4                           22(38.6%)
                                 
  PWV, m/s                       8.6 (7.525-10.03)
  Number (%)                     
  PWV \> 12                      5 (8.9%)
                                 
  ABI, number (%)                1.18±0.17
   \<0.9                         1 (0.02%)
   \>1.3                         7 (12.5%)
                                 
  iLVM, g/m^2^                   109.1±23.3
                                 
  Categories iLVM, number (%):   
   reference range               29 (51.8%)
   mildly abnormal               8 (14.3%)
   moderately abnormal           9 (16.1%)
   severly abnormal              10 (17.8%)
                                 
  RWT                            393±78.9
                                 
  Categories RWT, number (%):    
   normal geometry               15 (26.7%)
   concentric remodeling         12 (21.5%)
   concentric hypertrophy        9 (16.1%)
   eccentric hypertophy          20 (35.8%)

iLV M= index of left ventricular mass, PWV = pulse wave velocity, ABI= ankle-brachial index, RWT= relative wall thickness

![Frequency of vascular calcifications estimated by Adragao score depending of dialysis vintage.](jomb-38-134-g001){#j_jomb-2018-0026_fig_001}

![Frequency of index of left ventricular mass and of relative wall thickness (RWT) categories depending of vascular calcification (Adragao) score (significance of differences are given in text).](jomb-38-134-g002){#j_jomb-2018-0026_fig_002}

In multivariable binary logistic regression analysis, VC was significantly associated with dialysis vintage and FGF23 positively, but with magnesium negatively (*[Table III](#j_jomb-2018-0026_tab_003){ref-type="table"}*). In multivariable linear regression analysis PWV was associated with patient's age, cholesterol, diastolic blood pressure, iLVM and RWT (positively) and serum calcium (negatively), while ABI was correlated with hemoglobin concentration and uric acid, iLVM was associated with male sex and treatment with vitamin D (positively) and iPTH (negatively), and RWT was associated with male sex, age and iPTH (positively) and phosphate, hemoglobin concentration and treatment with vitamin D (negatively) (*[Table IV](#j_jomb-2018-0026_tab_004){ref-type="table"}*).

###### 

Association of vascular score with demographic data and biochemical variables determined with multivariate logistic regression analysis (binary).

  Dependent variable   Independent variables   OR      B         P       95% CI for B   
  -------------------- ----------------------- ------- --------- ------- -------------- -------
  Adragao score        Dialysis vintage        1.025   0.025     0.006   1.007          1.044
                       Magnesium               0.000   -12.627   0.04    0.000          0.214
                       FGF23                   1.006   -0.004    0.029   0.992          1.012

Adragao score as binary variable: score 0 denoted as 0 and score 1--8 as 1

###### 

Association of PWV, ABI and iLVM with demographic data and biochemical variables determined with multivariate linear regression analysis.

  Outcome variable   Independent variable   B         β        p       95% CI
  ------------------ ---------------------- --------- -------- ------- ----------------
  PWV                                                                  
                                                                       
                     Age                    0.069     0.372    0.013   0.015 0.124
                     Cholesterol            0.661     0.295            0.008 1.314
                     sCa                    -4.296    -0.342   0.045   -7.375 1.216
                     Diastolic BPiLVMRWT    0.0514    0.447            0.026 0.077
                                            0.027     0.275            0.004 0.050
                                            0.008     0.282            0.001 0.015
                                                                       
  ABI                                                                  
                                                                       
                     Hb                     0.0044    0.314    0.017   0.001 0.008
                     Uric acid              -0.0006   -0.307   0.019   -0.001 0.000
                                                                       
  iLVM                                                                 
                                                                       
                     Sex                    -12.740   -0.273   0.027   -23.967 -1.513
                     iPTH                   0.0294    -0.298   0.027   -0.059 0.001
                     Treatment with vit D   25.496    0.544    0.001   11.325 39.667
                                                                       
  RWT                                                                  
                                                                       
                     Sex                    -47.88    -0.296   0.048   -95.3 -0.464
                     Age                    1.946     0.341    0.039   0.101 3.791
                     Hemoglobin             -2.033    -0,322   0.032   -3.884 -0.181
                     Phosphate              -50.512   -0.276   0.043   -99.455 -1.569
                     iPTH                   0.195     0.583    0.001   0.082 0.307
                     Treatment with vit D   -55.648   -0.351   0.033   -106.731 4.566

Discussion {#j_jomb-2018-0026_s_004}
==========

This study showed that a considerable number of prevalent hemodialysis patients had damage to both peripheral artery walls and geometry of the myocardium. Evaluated by plain radiography, VC was found in almost 60% of the studied patients, and 50% of them had left ventricular concentric or eccentric hypertrophy. Arterial wall functional damage, measured with PWV and ABI, was less frequently present in the studied group, i.e. in five and eight patients, respectively.

The frequency of cardiovascular damage in our patients is similar to values already reported for prevalent hemodialysis or peritoneal dialysis patients ([@j_jomb-2018-0026_ref_004]).

When evaluating the most common changes, VC and myocardial remodeling did not share similar risk factors. Thus, according to our analyses, VC score was independently associated with dialysis vintage and FGF23 (positively) and magnesium (negatively). Changes in geometry of the myocardium i.e. iLVM and RWT were independently associated with patient's sex (males), iPTH and vitamin D treatment. In addition patient's age and hemoglobin concentration were selected as independent predictors of RWT. Nevertheless, patients with more widespread VC expressed the highest LV remodeling categories, and the differences are statistically significant. In other words, in comparison to patients with VC 0, patients with VC score \>4 had concentric or eccentric LVH more frequently (p = 0.035). The same was true for patients with VC score 1-3 (p = 0.0085). Our data are in accordance with previous studies reporting an association between VC in HD patients and dialysis vintage, serum magnesium and FGF23 concentration. Many reports have underlined the significance of dialysis vintage on the development and progression of VC (21--23). In the study of Goldsmith and colleagues involving 38 patients on hemodialysis for 10--25 years, radiographic VC prevalence increased from 39% at dialysis onset to 92% after average dialysis duration of 16 years. Calcification severity also increased with vintage ([@j_jomb-2018-0026_ref_023]).

Over the last decade, an increasing number of investigations have demonstrated a close relationship between serum magnesium concentration and CV disease risk in the general population and ESRD patients ([@j_jomb-2018-0026_ref_024]). There is evidence that magnesium insufficiency is a pro-atherogenic factor involved in endothelial dysfunction, atherosclerosis, and vascular calcification ([@j_jomb-2018-0026_ref_024]). However, the precise mechanisms and their contribution to cardiovascular protection remain unclear but two mechanisms have been proposed: first, magnesium may bind phosphate and delay calcium phosphate crystal growth in the circulation, thereby passively interfering with calcium phosphate deposition in the vessel wall; and second, magnesium may regulate vascular smooth muscle cell transdifferentiation towards an osteogenic phenotype by active cellular modulation of factors associated with calcification ([@j_jomb-2018-0026_ref_024]).

It was reported that FGF23 concentrations are often 100--1000 fold above the normal range in CKD patients and increases as CKD progresses to ESRD ([@j_jomb-2018-0026_ref_026]). In our study, serum FGF23 levels were elevated in most patients but particularly in those with a high VC score. Also, FGF23 appeared as the only mineral metabolism-related factor independently associated with VC. Our results are in accordance with earlier findings for CKD and dialysis patients ([@j_jomb-2018-0026_ref_012], [@j_jomb-2018-0026_ref_027], [@j_jomb-2018-0026_ref_028], [@j_jomb-2018-0026_ref_029]). Contrary to this, the study of 1,500 patients with CKD stages 2--4 enrolled in the Chronic Renal Insufficiency Cohort (CRIC), failed to detect an association of FGF23 with coronary or thoracic aorta calcification and this was supported by the results of an experimental investigation carried out at the same time ([@j_jomb-2018-0026_ref_030]). However, hyperphosphatemia was strongly associated with prevalence and severity of coronary artery calcification independent of FGF23. The authors suggested that FGF23 and hyperphosphatemia are independently involved in VC pathogenesis in CKD patients.

Previous studies have demonstrated that VC is closely associated with serum levels of calcium, phosphate and calcium phosphate product ([@j_jomb-2018-0026_ref_004], [@j_jomb-2018-0026_ref_021]). High serum phosphate levels might be considered as a 'vascular toxin' ([@j_jomb-2018-0026_ref_031]). Phosphorus is a stimulant of osteochondrogenic differentiation and apoptosis of vascular smooth muscle cells, which is also related to upregulation of the expression of the growth arrestspecific gene 6 product and its receptor ([@j_jomb-2018-0026_ref_032]). Furthermore, clinical studies have shown that patients with the poorest phosphate control have the most rapid progression of VC ([@j_jomb-2018-0026_ref_032]). In our study hyperphosphatemia was found in 33 (59%), hypocalcemia in 20 (36%) and dysregulation of PTH in 42 (75%) patients. Despite such a high frequency of calcium, phosphate and iPTH disorders, no influence on VC was found. However, VC does not only develop as the consequence of a wide range of different biological processes, but also owing to pharmacological interventions. Patients included in the present analysis were dialyzed for a minimum of 20 months (median 82 months, IQ 31-170.5) before our analysis. During the dialysis vintage, plus the period of CKD prior to dialysis, cardiovascular changes would have been developing due to various metabolism disorders associated with chronic renal failure but the influence of pharmacological interventions cannot be overlooked. In the period preceding the study, treatment options in Serbia were limited, especially phosphate binders.

Most patients were, and still are treated with calcium containing phosphate binders, which have been associated with progressive coronary artery and aortic calcification ([@j_jomb-2018-0026_ref_033]). Serum PTH levels outside the target guideline range were found in a large number of our patients. Thus, nine patients had iPTH above the upper limit and 33 below the lower limit of KDOQI for iPTH ([@j_jomb-2018-0026_ref_034]). Over-suppression of PTH can be explained by excessive calcium load (through treatment) or by parathyroidectomy. Elevated iPTH leading to high turnover bone disease and low PTH, a risk factor causing low bone turnover, can augment VC development and progression ([@j_jomb-2018-0026_ref_035], [@j_jomb-2018-0026_ref_036]). In the present crosssectional study, association between the various variables and VC was observed at one point, but not with the particular metabolic disorders and therapeutic interventions undertaken. However, the time spent on HD, which includes all such events was selected as a significant independent predictor of VC. Nevertheless, it may be assumed that FGF23, as a key regulator of mineral homeostasis, connected with all previous disorders, was singled out here as a variable significantly associated with VC.

Many studies reported association between PWV and VC ([@j_jomb-2018-0026_ref_037], [@j_jomb-2018-0026_ref_038]). We failed to find this relationship but PWV above the cut off value of 12 was detected in only five patients and all of them had the highest VC score of 8. Multivariate linear regression analysis found that PWV was associated with both traditional cardiovascular risk factors, including patient's age, diastolic blood pressure and LVMI, and with nontraditional risk factors such as serum calcium and cholesterol levels, suggesting a potential link between atherosclerotic risk and arterial stiffness in hemodialysis patients. Our results are in line with previous data that pathological PWV can be expected in older hemodialysis patients. Ferreira and coworkers reported that almost 37% of their 278 dialysis patients had pathological PWV, which was strongly associated with age. They recommended that if an ESRD patient younger than 60 years has PWV \>12, that is of critical relevance for early intervention guidance ([@j_jomb-2018-0026_ref_039]).

The myocardial structure results presented here showed that besides patient's sex, LV remodeling was associated with iPTH and treatment with vitamin D. This means that the lower the iPTH, the greater the LVH. Moreover, our patients treated with vitamin D had higher categories of LV abnormalities i.e. concentric and eccentric LVH. All these results contrast with previously published data. PTH is one of the uremic factors that have been implicated in the pathogenesis of LVH and cardiac dysfunction in CKD patients. Myocardial cells are affected by PTH via specific receptors on the membrane. In addition, an experimental study indicated that PTH induced cardiac interstitial fibrosis through the permissive activation of cardiac fibroblasts ([@j_jomb-2018-0026_ref_040]). Many clinical studies have also demonstrated a relationship between high values of PTH and LVH ([@j_jomb-2018-0026_ref_041]). This is supported by an intervention study finding showing that calcimimetics successfully lowered serum PTH levels, followed by improved cardiac function and less LVH ([@j_jomb-2018-0026_ref_042]). The reverse relationship between iPTH and iLVM found in our study could be explained by the higher prevalence of patients with low than with high serum iPTH level. No studies have yet proved that low iPTH causes or is involved in myocardial remodeling. Concentric and eccentric LVH in our patients with low iPTH was most likely the result of an earlier episode of secondary hyperparathyroidism, which was then treated either medically or by parathyroidectomy.

Different findings have been obtained about the effect of vitamin D therapy on myocardial geometry. While many experimental studies have demonstrated that vitamin D can prevent progression of cardiac hypertrophy and have cardio-protective properties ([@j_jomb-2018-0026_ref_043]), others failed to show such a positive influence on LV mass, including the PRIMO study ([@j_jomb-2018-0026_ref_044]) and OPERA trial ([@j_jomb-2018-0026_ref_045]). However, the results of further analysis showed that significantly fewer patients in the vitamin D-treated group were hospitalized for CVD compared to the placebo group. Moreover, their left atrial diameter and serum brain natriuretic peptide levels were lower ([@j_jomb-2018-0026_ref_046]). Our results are in accordance with the former and indicated that patients treated with vitamin D had major disorders in myocardial structure. Since there are many confounding factors in clinical settings, further detailed investigation is needed.

Among the promoters of VC examined here, associations of FGF23 with VC and iPTH with myocardial remodeling were found. On the other hand, a significant number of our patients had low Klotho and vitamin D concentrations, and disturbed serum calcium and phosphate levels. Having in mind that FGF23, Klotho, iPTH, and 1,25-dihydroxyvitamin D are basic regulators of phosphorus metabolism, one could speculate that, although the abnormalities of both minerals and PTH were not selected as risk factors for VCs or PWV, they might have favored VC frequency in our patients. Similar speculations about additional risk factors could be applied to myocardial remodeling. According to the published data, elevated circulating values of FGF23 have been linked to cardiovascular disease in patients with all stages of CKD. Thus, recent experimental data have defined a direct role for FGF23 in pathological changes in cardiac myocytes, independently of changes in mineral metabolism, which led to increased prevalence of LVH and cardiovascular calcification in adults and pediatric patients ([@j_jomb-2018-0026_ref_047], [@j_jomb-2018-0026_ref_048]). This influence of FGF23 was not confirmed in patients on overnight hemodialysis with lower phosphate values and better clearance of uremic toxins, for whom no association between LVMI and FGF23 was found ([@j_jomb-2018-0026_ref_049]), indicating that the pathogenesis of LVH in dialysis patients is probably multifactorial and needs further evaluation.

Our study has some limitations. The semi-quantitative radiological Adragao score used was original and has not been validated elsewhere. The small number of patients involved may have influenced statistical significances. Finally, the cross-sectional nature of our study did not give us an explanation about when VC and myocardial remodeling started during treatment of our patients, nor allow us to identify all the factors associated with cardiovascular changes, which is the main limitation of this investigation.

Conclusion {#j_jomb-2018-0026_s_005}
==========

VC and myocardial remodeling are common in prevalent hemodialysis patients but different risk factors associated with them may be selected. Higher risk for VC had patients with longer dialysis vintage and higher FGF23 but lower magnesium serum levels. Changes in geometry of the myocardium i.e. left ventricular hypertrophy and RWT were independently associated with patient's sex (males), iPTH and vitamin D treatment. Also, patient's age and hemoglobin level were selected as independent predictors of RWT. Nevertheless, it is obvious that factors that regulate mineral metabolism in hemodialysis patients had the main role in the formation of both VC and myocardial remodeling and therefore patients with the higher VC score had the highest LV remodeling categories. In long-term treatment of patients on hemodialysis the risk factors intertwine but careful and continuous correction of mineral metabolism disorders is undoubtedly of the utmost importance although it sometimes depends on the availability of treatment measures.
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